An efficient fluorescent probe Pyr-Rhy based on pyrazole was developed, which can detect Hg 2+ in water. Its fluorescence properties were studied by UV-vis and fluorescence spectroscopy, and the study results indicated that this probe can selectively detect Hg 2+ via complexation reaction, and then cause a remarkable color change from colorless to pink and a strong fluorescence enhancement can be observed. Furthermore, this probe showed high sensitivity with the detection limit down to 2.07 Â 
water. Its fluorescence properties were studied by UV-vis and fluorescence spectroscopy, and the study results indicated that this probe can selectively detect Hg 2+ via complexation reaction, and then cause a remarkable color change from colorless to pink and a strong fluorescence enhancement can be observed. Furthermore, this probe showed high sensitivity with the detection limit down to 2.07 Â
10
À8 M, and its stoichiometric ratio toward Hg 2+ ions was 1 : 1. The sensing mechanism was investigated by Job's plot 1 H NMR titrations, and FT-IR spectra analysis, which demonstrated a chelation-enhanced fluorescence (CHEF) mechanism. More importantly, obvious color changes of sensor Pyr-Rhy can be observed when it was impregnated on filter paper testing strips and immersed in Hg 2+ solution (water as solution), indicating its potential application for trace Hg 2+ detection in environmental samples.
Introduction
Mercury (Hg), one of the most toxic pollutants, 1 is widely distributed in the environment and exists in the state of mercury metal, inorganic mercury and organic mercury compounds.
2, 3 The organic mercury is the most harmful of the mercury-containing compounds, because it is hardly biodegradable and can be biomagnied in the food chain. 4 Even at very low levels, organic mercury can seriously destroy the activity of proteins and enzymes, thereby causing various diseases, including brain damage, movement disorders, cognitive dysfunction and kidney failure. [5] [6] [7] There are many previous studies for the detection of mercury ions with different methods, and we have compared the present method with the others, and a table was added (Table 1) . [8] [9] [10] [11] While other methods can detect Hg 2+ , they can't be reused; and the synthesis methods of other methods are cumbersome and not easy to operate. Therefore, it is necessary to develop a sensitive, fast and low-cost method for detection of Hg 2+ .
In recent years, there have been many ways to detect cations and anions such as ratiometric uorescent paper sensor, 12 silica-based SERS chip. 13, 14 Schiff base uorescent probes have been drawn great attention and widely used in detection of heavy metal ions. 15 The C]N structure in Schiff base has strong chelating ability, and more importantly, these chelating processes always produce strong uorescence release. 16, 17 Pyrazole derivatives are interesting heterocyclic compounds bearing ve membered heterocycles and useful raw materials to synthesize various biological molecules. Due to their strong coordination ability with metal ions, pyrazole based derivatives have been widely used for the development of uorescent probes to detect heavy metal ions, such as Zn 2+ , Cd 2+ , and Hg 2+ . [18] [19] [20] Furthermore, pyrazole derivatives are always employed as important capping motifs in probing molecules, which can be used as ligands for selective recognition metal ions in coordination chemistry. Therefore, pyrazoles are attracting building blocks for designing and synthesizing a series of heterocyclic compounds, such as optical brighteners, and UV stabilizers, and uorescent probes.
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In this paper, a novel uorescent probe Pyr-Rhy was described, which was synthesized by modication of rhodamine with a pyrazole derivative (Fig. 1 ). This probe exhibited high uorescent "turn-on" response toward Hg 2+ in aqueous DMSO solution, and this process was accompanied with a sensitive uorescence color change that could not be interfered by other coexisting metal ions. Test results showed that the recognition process of sensor Pyr-Rhy toward Hg 2+ was completed instantly, and the detection limit was found to be as low as 2.07 Â 10 À8 M. Therefore, sensor Pyr-Rhy could be used for quantitative estimation of Hg 2+ in aqueous media.
Materials and methods

General information
In this experiment unless otherwise noted, all reagents and materials were derived from commercial, which without further renement. Pyrazole, p-uorobenzaldehyde, rhodamine 6G, hydrazine hydrate and glacial acetic acid were purchased from Aladdin. Distilled water was produced in our lab. Different metal ion solutions were prepared with the corresponding inorganic salts. Nuclear magnetic spectrometer is Bruker AV-400 spectrometer; infrared spectrometer is Bruker ALPHA FT-IR spectrometer uorospectrophotometer is Hitachi F-4600 and scanning speed was 2400 nm min À1 .
Synthesis
2.2.1 Synthesis of compound 1. Pyrazole (1.36 g, 20 mmol), p-uorobenzaldehyde (2.48 g, 20 mmol) and anhydrous potassium carbonate (6.90 g, 50 mmol) were dissolved in 50 mL of DMF, the mixture was allowed to warm 110 C and stirred at this ambient temperature for 24 h. Aer TLC showed the conversion of the starting material, the mixture was cooled to room temperature, ltered. 22 The ltrate was diluted with 400 mL of distilled water and the mixture was extracted with 100 mL of acetic ether, the organic layer was dried with anhydrous sodium sulfate and then evaporated, the resultant residue was puried by a column chromatography (petroleum/ ethyl acetate, 7/1) to give compound 1 was a white powder (3.34 To the mixture of rhodamine 6G 2 (9.85 g, 20 mmol) in 300 mL of ethanol was added an 
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excess of hydrazine hydrate (0.95 g, 20 mmol), the mixture was heated to 80 C and reuxed for 12 h to give a dark red clear transparent solution. Then, the mixture was subjected to decompression and evaporation till a few solid was formed. Aer which, the mixture was poured into 200 mL of deionized water, rested for 3 hours, and ltered. 23 The solid was washed alternately with distilled water and ethanol several times, and dried in vacuo to afford compound 3 as a pink solid (7.88 These test results displayed that the UV-vis response of sensor Pyr-Rhy has highly specic selection for Hg 2+ .
Fluorescence study of sensor Pyr-Rhy
The uorescence emission behavior of sensor Pyr-Rhy toward different metal ions was investigated in DMSO/H 2 O (1/1, v/v) solution, and the test results can be seen from Fig. 3 .
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Clearly, free sensor Pyr-Rhy exhibited one uorescence emission band at about 575 nm with an excitation at 525 nm. But aer the addition of Hg 2+ (1.0 equiv.), a signicant uorescence enhancement can be observed with the emission maximum at 575 nm. In contrast, addition of other metal ions exhibited no signicant uorescence enhancement. This uorescence response of sensor Pyr-Rhy to Hg 2+ might be ascribed to the blocked photoinduced electron transfer (PET) process and the chelation-enhanced uorescence (CHEF) behavior. 29, 30 Before adding metal ions, the isomerization of C]N double bond of sensor Pyr-Rhy exhibited weak uorescence emission. While, addition of metal ions leaded to a new p-conjugated structure, which was accompanied with a selective chelation-enhanced uorescence (CHEF) effect.
The specicity of sensor Pyr-Rhy toward Hg 2+ was investigated by colorimetric experiments. As we can see from (10 mmol L À1 , 1/99, v/v) resulted in a color change from colorless to pink in a few seconds, which suggested that sensor Pyr-Rhy could be used for naked eye recognition of Hg 2+ with concentration as low as 10 mmol L À1 . In addition, the uorescence color change from blond to bright yellow was clearly observed under 365 nm UV light aer addition of Hg 2+ . Addition of other metal cations showed no distinct inuence on the uorescence color (Fig. 4b) . These outstanding ndings demonstrated that sensor Pyr-Rhy could be used to detect Hg 2+ qualitatively and quantitatively by changing the color and doubling the spectral signals.
To explore the sensitivity of sensor Pyr-Rhy toward Hg 2+ , the uorescence titration experiments were carried out and the results were shown in Fig. 5a . (Fig. 5b) . Based on this, the detection limits of sensor Pyr-Rhy with Hg 2+ was calculated to be as low as 2.07 Â 10 À8 M (DL ¼ 3Sb/S).
pH effects
The effect of pH on uorescence response of sensor Pyr-Rhy toward Hg 2+ was determined over a wide range of pH (1.0-14.0).
In this test, hydrochloric acid and sodium hydroxide were used to adjust the pH values. As shown in Fig. 6 , the uorescence intensity of sensor Pyr-Rhy increased with the increasing of pH value (pH # 4.0). And with the increasing of pH (pH ¼ 5-12), the uorescence intensity was observed to be held steady. These results proved that this probe has potential application value to test Hg 2+ within a biological scale of pH values.
Competition experiment and reversibility study
High selectivity toward Hg 2+ over the other metal ions is an important parameter, which is helpful to study the performance of sensor Pyr-Rhy. Therefore, the competition experiments were carried out in the presence of Hg Reversibility study was carried out to explored the reuse property of sensor Pyr-Rhy toward Hg 2+ . Reversibility is a key prerequisite in designing and developing novel chemosensors for practical applications. The reversibility of the recognition process of sensor Pyr-Rhy was performed by adding a strong chelating agent EDA (Fig. 8) . 31, 32 The addition of excessive EDA to a mixture of sensor Pyr-Rhy and Hg 2+ in ethanol solution resulted in diminution of the uorescence intensity, due to demetalation of Hg 2+ from the corresponding complex. Meanwhile, the solution color was changed from uorescent yellow to colorless, which indicated the regeneration of chemosensor PyrRhy. However, when Hg 2+ continued to be added to the mixed solution, a strong uorescence enhancement was observed and the solution color was changed from colorless to uorescent yellow, which demonstrated the excellent reversible property of sensor Pyr-Rhy.
Contact mode detection between sensor Pyr-Rhy and Hg
2+
The recognition of sensor Pyr-Rhy toward Hg 2+ was tested on pretreated lter paper to explore its versatility application as a simple and efficient solid-state probe. The test strips were prepared by immersing the lter paper into a saturated solution of sensor Pyr-Rhy in DMSO for a few seconds. Then, these strips dried in air and subsequently treated with Hg 2+ solution (1.0 Â 10 À3 mol L À1 ) in water for solid state experiments. The lter ion.
Proposed binding mode of sensor Pyr-Rhy with Hg 2+ ion
The binding mode of sensor Pyr-Rhy toward Hg 2+ was investigated through IR spectra (Fig. 10) . Free sensor Pyr-Rhy showed stretching vibration bands assignable to -OH and CH]N at 3422 and 1674 cm À1 , respectively (Fig. 10a) Fig. 12 , the maximum emission intensity was measured for a molar fraction of 0.5, which gave a solid evidence for the formation of a 1 : 1 complex of sensor Pyr-Rhy with Hg 2+ .
Furthermore, the R value also proved the 1 : 1 stoichiometric ratio for the formation of sensor Pyr-Rhy-Hg 2+ complex. showed an excellent linearity (R 2 ¼ 0.99163) (Fig. 5b) , which strongly supported the 1 : 1 binding stoichiometry of the sensor Pyr-Rhy and Hg 2+ . The proposed binding mechanism of sensor Pyr-Rhy with metal ions is shown in Fig. 13 . [33] [34] [35] [36] Free sensor PyrRhy contains two equilibrium conformations owing to the isomerization of C]N bond, which can lead to weak uores-cence emission. Aer adding specic metal ions, the isomerization of C]N double bond is severely restrained due to the block of photoinduced electron transfer (PET). This process generates a new p-conjugated structure, which can result in the increase of structure rigidity and the enhancement of uores-cence intensity.
Conclusions
In summary, a novel efficient uorescent probe Pyr-Rhy for naked-eye detection of Hg 2+ had been successfully synthesized, using the commercial available pyrazole and rhodamine 6G as the starting materials. This probe exhibits high antiinterference performance, rapid response, high sensitivity and excellent selectivity toward Hg 2+ over other coexisted metal ions within wide pH range. The lter paper test strips demonstrate that probe Pyr-Rhy has high value in the practical applications. This journal is © The Royal Society of Chemistry 2019
Importantly, the probe can be used to trace amounts of hazardous Hg 2+ ions in water with good recoveries and less relative standard deviations, indicating that the developed probe has good accuracy and precision for the analysis of trace Hg 2+ in practical samples.
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